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(57)  Anengine control system comprises a balancing
arrangement (21) together with a knock mitigation con-
troller (20) configured to implement a knock mitigation
procedure wherein an offset input value (V)) is applied to
the balancing algorithm. The offset input value (V|) may
cause the balancing algorithm to adjust the control output
(O,) for the respective one of the combustion chambers
(2) to progressively vary the fuel supply or ignition timing
for the affected cylinder to mitigate the knock condition.
Alternatively, the controller (20) may generate an offset
output value (Vo) to more rapidly vary the fuel supply or
ignition timing, with the offset input value (V,) being se-
lected for example to compensate for the resulting
change in the control input (l;) from the cylinder to the
balancing algorithm, or to provide additional, more grad-
ual adjustment to further mitigate the knock condition.
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Description
Technical Field

[0001] This disclosure relates to control systems for
balancing the output of multiple combustion chambers
and for detecting and mitigating a knock condition in an
internal combustion engine.

Background

[0002] Knocking is a phenomenon wherein the fuel in
a combustion chamber of an internal combustion engine
is detonated other than by the flame front produced by
the engine’s ignition system, resulting in elevated pres-
sure in the combustion chamber. It affects many engine
types and particularly gas or dual fuel engines.

[0003] Typically such engines are piston engines with
the combustion chambers configured as cylinders, al-
though the present disclosure may also be applied to the
operation of other engine types as known in the art. Ac-
cordingly, in this specification, the terms "cylinder" and
"piston" should be construed to refer more broadly to the
combustion chamber and moving element, respectively.
The term "cylinder" is also used more generally to refer
to the respective combustion chamber or its moving el-
ement as the context requires.

[0004] Itis common, especially in larger internal com-
bustion engines to balance the torque applied by each
piston to the crankshaft.

[0005] For example, US 7421330 teaches an internal
combustion engine having a control system which con-
trols the fuel supply to each cylinder to balance the power
output from the cylinders. When a persistent knock con-
dition is detected by a pressure or vibration sensor, the
control system is configured to reduce the fuel supply
progressively to the affected cylinder until the cylinder
stops knocking, and then to progressively increase the
fuel supply again to define a new target value for the fuel
supply to the affected cylinder at which knocking does
not occur. The control system then applies the new target
value to control the fuel supply for further operation of
the engine, and adjusts the fuel supply to the remaining
cylinders to compensate for any power reduction from
the affected cylinder.

[0006] It is also known, for example, from
KR20160041523A to adjust the ignition timing to mitigate
knocking in one cylinder.

[0007] An engine balancing system will typically be
controlled by an algorithm to provide a gradual, iterative
adjustment of the operation of each cylinder based on
input signals from sensors arranged to sense the cylinder
pressure or other operating parameters.

[0008] In this specification, an algorithm means an ar-
rangement for producing an output or outputs based on
an input or inputs in accordance with a set of defined
rules, steps or relationships. An algorithm may be for
example a computer program running on a processor.

10

15

20

25

30

35

40

45

50

55

[0009] Gradual adjustmentis desirable for various rea-
sons. For example, it is known that local hot spots in a
cylinder may affect ignition of the mixture (the charge of
fuel and air) in the cylinder, and hot spots may change
in intensity over a time period depending on the opera-
tional state of the cylinder. Similarly, adjustments to the
pressure or flow rate of a gaseous fuel supply may have
a somewhat delayed effect on the operation of the cylin-
der. Moreover, the cylinders are interdependent and may
be affected by a fluctuating load on the engine. Thus, an
algorithm providing gradual adjustment may provide
more stable control of the engine.

[0010] Heavy (i.e. severe) knocking can cause serious
damage and so it is desirable to mitigate knocking as
rapidly as possible, forexample, by immediately reducing
the fuel supply to the affected cylinder.

[0011] However, if a balancing systemis provided, the
balancing system may detect the resulting loss of power
from the cylinder and attempt to increase the fuel supply
again, ultimately restoring the cylinder to a knocking con-
dition. In addition, the control outputs from the balancing
system may be perturbed by the sudden change in cyl-
inder power, resulting in transient instability.

[0012] Thus, it is necessary to manage the balancing
system to accommodate the knock mitigation strategy.
[0013] One way of doing this is to reconfigure the bal-
ancing system to a new target value established by a
knock mitigation control routine, as taught for example
by US 7421330.

[0014] This may be done for example by disabling the
balancing system while the knock mitigation control rou-
tine is carried out, and then re-enabling the balancing
system once a new target value for the fuel supply (or
other adjustable parameter) is established.

[0015] One problem with this method is that the bal-
ancing system may require some time to re-establish sta-
ble control of the engine based on the new sensed op-
erating parameters of the cylinders, so that the knock
condition produces a prolonged disruption, not only to
the affected cylinder but to the normal operation of the
whole engine.

Summary

[0016] According to the various aspects of the present
disclosure there are provided an engine control system,
and a method for controlling an internal combustion en-
gine, as defined in the claims.

[0017] The engine may be of conventional design and
comprises a plurality of combustion chambers, each
combustion chamber comprising a respective one of a
plurality of moving elements, the moving elements being
operatively connected to an output shaft and moveable
to drive the output shaft in rotation.

[0018] The control system includes a fuel supply and
ignition system, a controller, and a sensing arrangement.
[0019] The fuel supply and ignition system is arranged
to supply a variable charge of fuel and air to each com-
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bustion chamber, and to controlignition of the fuelin each
combustion chamber at a timing relative to the movement
of the respective moving element.

[0020] The sensing arrangement is arranged to sense
for each combustion chamber at least one operational
parameter, including at least an internal pressure of the
combustion chamber, and to generate for each combus-
tion chamber a control input representing the sensed at
least one operational parameter.

[0021] The controller is configured to receive the con-
trol input for each combustion chamber and to generate
a control output for each combustion chamber.

[0022] The fuel supply and ignition system is control-
lable by the control output from the controller for each
combustion chamber to vary at least one of the charge
and the timing for the respective combustion chamber.
[0023] The controller includes a balancing arrange-
ment, which is configured to iteratively adjust each of the
control outputs responsive to the control inputs according
to a balancing algorithm to obtain a balanced condition.
The balanced condition is a predefined relationship be-
tween the control inputs for all of the combustion cham-
bers. The controller is further configured in accordance
with the novel method to identify, based on the control
inputs, a knock condition in a respective one of the com-
bustion chambers, and responsive at least to identifying
the knock condition, to implement a knock mitigation pro-
cedure.

[0024] According to the knock mitigation procedure, an
offset input value is applied to the balancing algorithm,
and the control output (O, O,) for the respective one of
the combustion chambers is adjusted to mitigate the
knock condition.

Brief Description of the Drawings

[0025] Furtherfeatures and advantages will be evident
from the illustrative embodiment which will now be de-
scribed, purely by way of example and without limitation
to the scope of the claims, and with reference to the ac-
companying drawings, in which:

Fig. 1 shows an internal combustion engine with an
engine control system;

Figs. 2, 3 and 4 show respectively three alternative
modes of operation of the engine control system; and
Fig. 5 shows how, following an adjustment to mitigate
a knock condition, the control output may be gradu-
ally increased again towards its initial value.

[0026] Reference numerals and characters appearing
in more than one of the drawings indicate the same or

corresponding features in each of them.

Detailed Description

[0027] Referring to Fig. 1, an internal combustion en-
gine 1 comprises a plurality of combustion chambers 2,
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each combustion chamber comprising a respective one
of a plurality of moving elements 3, the moving elements
being operatively connected to an output shaft 4 and
moveable to drive the output shaft in rotation. In the il-
lustrated embodiment the engine is a conventional, micro
pilotignited gas engine, each moving element 3 compris-
ing a piston received in a cylinder which defines the com-
bustion chamber 2 between the piston and cylinder head
as well known in the art.

[0028] The engine is equipped with a control system 5
including a fuel supply and ignition system 10, a controller
20, and a sensing arrangement 30.

[0029] The fuel supply and ignition system 10 is ar-
ranged to supply a variable charge of fuel 11, 12 and air
13 to each combustion chamber 2, and to control ignition
of the fuel 11, 12 in each combustion chamber at a timing
relative to the movement of the respective moving ele-
ment 3 in the combustion chamber. The engine may be
configured as known in the art with very early ignition
timing although of course other configurations are pos-
sible.

[0030] In the illustrated example, the ignition system
comprises a diesel injector 14 which is supplied at the
appropriate moment during each cycle of the piston with
diesel fuel 12 at a variable quantity or flow rate and at a
variable timing, both controlled by an injection control
signal 15 from an ignition control unit 16. The main fuel
11 is gas (e.g. natural gas, syngas, hydrogen or other
known fuel gases) which is supplied by the fuel supply
system at a variable quantity or flow rate via a gas ad-
mission valve 17, operated for example by a solenoid or
other actuator under the control of a main fuel gas control
signal 18 from a fuel gas control unit 19. The diesel fuel
may be supplied in much smaller quantities than the main
gas fuel and serves to ignite the main gas fuel at a mo-
ment determined by the timing of the fuel pulse from the
injector 14.

[0031] The sensingarrangement 30 comprises at least
one sensor 31 for each combustion chamber 2, including
in particular a pressure sensor, and is arranged to sense
for each combustion chamber 2 at least one operational
parameter, which is to say, a measurable parameter in-
dicating the operational state of the combustion chamber.
The at least one operational parameter includes at least
an internal pressure of the combustion chamber. Each
sensor 31 or group of sensors 31 may include forexample
a vibration sensor as well as a pressure sensor, which
may detect a knocking condition by vibration as well as,
orinstead of, an elevated pressure during the combustion
cycle. Of course, temperature sensors or chemical (ex-
haust gas content) sensors or any other type of sensors
may be included as well known in the art.

[0032] The sensing arrangement 30 comprising each
sensor or sensors 31 is further arranged to generate for
each combustion chamber 2 a control input |4 represent-
ing the sensed at least one operational parameter. The
control input |4 may represent one or more momentary
values of the sensed parameter or an average or calcu-
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lated value of one or more sensed parameters. For ex-
ample, the control input Iy may comprise either or both
of a peak firing pressure or an indicated mean effective
pressure (IMEP) for the respective cylinder, wherein IM-
EP may be calculated as an average of sensed pressure
in the cylinder over a part or all of its cycle.

[0033] The controller 20 is configured to receive the
control input |4 for each combustion chamber and to gen-
erate a control output O, for each combustion chamber
2. The control output O4 may be offset by an offset output
value V, as further described below to produce an ad-
justed control output O,. (For clarity, in Fig. 1 only one
set of input and output values for a single cylinder 2 are
labelled.)

[0034] The control output O, or O, for each respective
combustion chamber 2 is applied to control the fuel sup-
ply and ignition system 10 to vary at least one of the
charge and the timing for the respective combustion
chamber in order to mitigate a knock condition in the re-
spective cylinder.

[0035] Responsive to sensing a knock condition, the
control output O4 or O, may be selected for example to
advance or retard the timing of the respective cylinder,
and/or to reduce or increase the quantity or flow rate of
either or both of main gas fuel 11 and the diesel ignition
fuel 12 to the respective cylinder during each cycle. The
controller may select different control strategies to vary
different cylinder parameters in sequence or in combina-
tion, depending on the sensor input or a preset operating
configuration.

[0036] The controller20 may comprise a computer pro-
gram running on a processor with a memory and other
conventional hardware as well known in the art. The con-
troller may embody any known control arrangement suit-
able for use in an engine management system. For ex-
ample, the controller may comprise a Proportional, Inte-
gral or Derivative controller, or a controller based on a
combination of those control strategies, such as a PID
(Proportional-Integral-Derivative) Controller with damp-
ing and tuning arrangements as known in the art.
[0037] The controller 20 includes a balancing arrange-
ment 21 including a balancing algorithm, which may be
implemented as a computer program running on the con-
troller 20 hardware. Each of the control inputs 1 (or a
selected subset of the control inputs) may be supplied
directly or indirectly to the balancing algorithm of the bal-
ancing arrangement 21, as shown in Fig. 1. The balanc-
ing arrangement 21 is configured to iteratively adjust
each of the control outputs O, responsive to the control
inputs |4 according to the balancing algorithm to obtain
abalanced condition, the balanced condition being a pre-
defined relationship between the control inputs 14 for all
of the combustion chambers 2.

[0038] The balanced condition may be selected as well
known in the art to obtain as nearly as possible an equal-
ised power output from each of the cylinders, including
any necessary adjustment to ensure the correct opera-
tion of each cylinder without knocking or other adverse
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operating conditions.

[0039] Forthis purpose, the balancing arrangement 21
and its balancing algorithm is configured to receive an
offset input value V|, which may be generated for each
respective cylinder by an offset input value generating
arrangement 22 of the controller, for example, a program
running on the controller hardware.

[0040] Inthis specification, the term "offset input value"
is used to indicate an input value which functions to ad-
just, or offset, the operation or output of the balancing
arrangement 21 from what it would otherwise be, which
is to say, from its normal operational condition as deter-
mined by the control inputs I, supplied by the sensing
arrangement 30.

[0041] For example, in one possible arrangement, the
offsetinput value V, for any particular one of the cylinders
2 may be applied to the balancing arrangement 21 via
an input line 23 to define a new target value for the re-
spective cylinder 2, the target values for each of the cyl-
inders 2 representing the balanced condition, so as to
reconfigure the operation of the balancing algorithm.
[0042] For example, the balanced condition might be
adjusted by the offset input value V, for a respective one
of the cylinders 2 to define the balanced condition as a
99% power output from a first one of the cylinders 2 and
a 100.2% power output from the remaining cylinders 2,
the power output being represented by the control input
14 for each cylinder, being for example the calculated IM-
EP or other suitable value or combination of values for
the sensed parameters of that cylinder.

[0043] In another possible arrangement, the offset in-
put value V, for a respective cylinder 2 may be applied
to the respective control input I, from the sensing means
for the respective cylinder 2 before the control input 14 is
supplied to the balancing arrangement 21. The combi-
nation of the control input I, and the offset input value V|
results in an adjusted or offset control input I, which is
applied to the balancing arrangement 21 as shown in Fig.
1 and in the examples of Figs. 2, 3 and 4.

[0044] The controller 20 is configured to monitor the
control inputs |, from each of the cylinders 2 and, based
on the control inputs, to identify a knock condition (knock-
ing) which may develop in any respective one of the cyl-
inders 2. For example, the control inputs Iy may include
sensed vibration signals or peak pressure signals which
are analysed or filtered to provide an indication of the
presence and/or severity of knocking in the cylinder. For
this purpose the engine control system, for example the
sensing arrangement 30 or the controller 20, may include
not only sensors 31 but also a signal analysis arrange-
ment, which may be configured for example as a program
running on the controller 20 hardware, as known in the
art.

[0045] The controller 20 is further configured, respon-
sive at least to identifying the knock condition, to imple-
ment a knock mitigation procedure for the respective
knocking cylinder (or cylinders, if more than one are af-
fected).
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[0046] For example, the controller 20 may implement
the knock mitigation procedure immediately on identify-
ing the knock condition, or further responsive to a timing
function which is arranged to allow sufficient time for tran-
sient knocking to subside, and/or a severity assessment
which is configured to trigger the knock mitigation proce-
dure only if the knocking reaches a predefined level of
severity.

[0047] In accordance with the knock mitigation proce-
dure, the controller is configured to apply an offset input
value V| to the balancing algorithm as discussed above,
and also to adjust the control output O, for the respective
one of the cylinders 2 to mitigate the knock condition.
[0048] The adjustment of the control output O4 may be
carried out as a separate function of the controller in ad-
dition to the application of the offset input value V|, or
may be carried out by the balancing arrangement 21 in
consequence of the application of the offset input value
V,.

[0049] These alternative possibilities will now be dis-
cussed with reference to Figs. 2, 3 and 4 which show
respectively the control inputs (1) and corresponding con-
trol outputs (O) over time (T) for each of three different
modes of operation. In the illustrated examples, the con-
trol inputs | may represent for example the IMEP and/or
peak pressure of the cylinder while the control outputs O
may represent for example the main and/or ignition fuel
supply to the cylinder.

[0050] Where the controller is arranged to adjust the
control output O directly and not as a consequence of
the adjustment to the balancing arrangement 21, the con-
troller 20 may include an offset output value generating
arrangement 24, which may be for example a program
running on the controller hardware and may be integrated
with the offset input value generating arrangement 22.
[0051] The offsetoutputvalue generatingarrangement
24 is arranged to generate an offset output value V, for
the respective cylinder 2, so that the control output from
the controller 20 for the respective cylinder 2 comprises
the offset output value V4 together with the control output
0.

[0052] The offset output value Vo may be applied to-
gether with the control output O, either directly or indi-
rectly to the fuel supply and ignition system 10 to vary
the charge and/or the timing for the respective cylinder
2 to mitigate the knock condition.

[0053] Optionally, asillustrated in Fig. 1 and in the ex-
amples of Figs. 2, 3 and 4, the offset output value Vo
may be applied to the respective control output O from
the balancing arrangement 21 so that the combination
of the control output O4 and the offset output value Vo
results in an adjusted or offset control output O, which
is applied to the fuel supply and ignition system 10 as
shown.

[0054] Fig. 2 illustrates a first possible mode of oper-
ation, in which the adjustment to the control output O,
for the respective cylinder 2 is not performed by the bal-
ancing algorithm, and the offset input value V, is selected
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to compensate for a change in the control input I from
the respective cylinder 2 resulting from the adjustment
to the control output O;.

[0055] Intheillustrated example, the offset output val-
ue Vo is generated as described above and applied to
the control output O, to produce a rapid adjustment in
the control output, indicated by the adjusted or offset con-
trol output O,. The adjustment results in a rapid change
in the cylinder operating condition represented by the
controlinput | from the respective cylinder and so rapidly
mitigates the knock condition.

[0056] The simultaneous adjustment to the control in-
put I, by the offset input value V, produces an offset con-
trol input I, which is applied to the balancing arrangement
21. The offset control input I, remains at the level of the
control input |4 before the adjustment, so that the balanc-
ing arrangement 21 remains unperturbed while the cyl-
inder operates at the new, reduced power level.

[0057] Fig. 3illustrates a second possible mode of op-
eration, in which the controller need not (although it may)
include an offset output value generating arrangement
24, so that the control output O4 produced by the balanc-
ing arrangement 21 is the same as the control output O,
applied to the fuel supply and ignition system 10.
[0058] In the second mode of operation, the adjust-
ment to the control output O, for the respective cylinder
2 is performed by the balancing algorithm responsive to
the offset input value V.

[0059] In the illustrated example, the control system
detects a knock condition in one of the cylinders and gen-
erates an offset input value V| which is applied to the
control input |4 to generate an offset control input I,. The
balancing arrangement 21 responds to the rapid adjust-
ment in the control input by initiating a gradual reduction
in the control output O, for the respective cylinder 2,
which in turn causes a gradual reduction in the operating
parameter reflecting the knocking condition and repre-
sented by the control input |, progressively mitigating
the knock condition. The control input |, may be adjusted
over time or, as illustrated, may be maintained at a con-
stant value (by adjusting the offset input value V| to cor-
respond to the changing control input ;) so as to maintain
a constant or desired rate of change of the control output
O, as shown.

[0060] Fig. 4 illustrates a third possible mode of oper-
ation in which the adjustment to the control output for the
respective combustion chamber 2 comprises a first, rel-
atively rapid adjustment and a second, relatively more
gradual adjustment. Thefirstadjustmentis not performed
by the balancing algorithm, while the second adjustment
is performed by the balancing algorithm responsive to
the offset input value V.

[0061] In the illustrated example, the controller 20 de-
tects a knock condition in one of the cylinders 2 and gen-
erates an offset output value Vg as described above. The
offset output value Vg is applied to the control output O,
for the respective cylinder 2 to produce a rapid adjust-
ment in the offset control output O,, represented by the
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vertical portion of the solid line on the output (O) graph.
[0062] The adjustment results in a rapid change in the
cylinder operating condition, represented by the control
input 1, from the respective cylinder 2 at the vertical por-
tion of the broken line onthe input (1) graph, and so rapidly
mitigates the knock condition.

[0063] At the same time, the controller 20 applies a
variable offset input value V, to the respective control
inputl, resulting in a rapid adjustmentto the offset control
input I, as represented by the vertical portion of the solid
line on the input (1) graph.

[0064] The balancing arrangement 21 responds to the
rapid adjustmentin the control input by initiating a gradual
reduction in the control output O, for the respective cyl-
inder 2. The offset control output O, follows this reduction
which in turn causes a gradual reduction in the operating
parameter reflecting the knocking condition and repre-
sented by the control input |, progressively further miti-
gating the knock condition. The control input |, may be
adjusted over time or, as illustrated, may be maintained
at a constant value (by adjusting the offset input value V,
to correspond to the changing control input 1) so as to
maintain a constant or desired rate of change of the con-
trol output O, as shown.

[0065] Ineach ofthe above described or other possible
modes of operation, the controller may be further config-
ured, after applying the offset input value V, to the bal-
ancing algorithm, to reduce progressively the offset input
value V| to the balancing algorithm, so as to return the
operation of the affected cylinder 2 gradually towards its
initial operating state as it was when the knock condition
was detected.

[0066] Fig. 5 illustrates how the control output O4 or
O, may be gradually returned towards the initial condition
afterthe adjustmentas shown forexample inFig. 2,3 or 4.
[0067] If the knock condition does not return, then the
control system may be configured to revert to its original
output settings.

[0068] If the knock condition does return, then the con-
trol system may be configured to preserve the last control
output value O4 or O, immediately before the onset of
the knock condition as a new output setting. For example,
the new output setting could be saved as a permanent
offset input value V| which is applied either to the input
to the balancing arrangement or to adjust the balancing
algorithm so that the operating parameters of the cylinder
2 are adjusted permanently or for a defined period to the
new values.

[0069] Optionally, the controller 20 may be configured
to adjust the control output to vary both the charge and
the timing for the respective combustion chamber to mit-
igate the knock condition. Optionally in this case, the con-
troller may be configured to adjust the control output O,
or O, to change the timing for the respective combustion
chamber rapidly from a first value to a second value, and
then more slowly to return the timing from the second
value towards the first value, while also adjusting the con-
trol output O, or O, to reduce a quantity of the main and/or
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ignition fuel 11 or 12 in the charge for the respective com-
bustion chamber 2 rapidly from a first fuel quantity to a
second fuel quantity, and then more slowly to increase
the quantity of the fuel progressively from the second fuel
quantity towards the first fuel quantity.

[0070] This adjustment strategy is illustrated for exam-
ple in Figs. 2 and 4, in which the vertical portion of the
solid output line O, indicates the rapid reduction from the
first value to the second value, followed by Fig. 5 which
illustrates the subsequent, gradual return of the control
output O, or O, towards the initial condition.

Industrial Applicability

[0071] The novel control system and method may be
applied not only to gas or dual fuel engines but also to
diesel or other types of internal combustion engine, hav-
ing spark ignition or any other ignition system as known
in the art, so as to provide knock mitigation while main-
taining satisfactory operation of the balancing arrange-
ment.

[0072] Insummary,in embodiments, an engine control
system comprises a balancing arrangement 21 together
with a knock mitigation controller 20 configured to imple-
ment a knock mitigation procedure wherein an offset in-
put value V| is applied to the balancing algorithm. The
offset input value V| may cause the balancing algorithm
to adjust the control output O, for the respective one of
the combustion chambers 2 to progressively vary the fuel
supply or ignition timing for the affected cylinder to miti-
gate the knock condition. Alternatively, the controller 20
may generate an offset output value V5 to more rapidly
vary the fuel supply or ignition timing, with the offset input
value V, being selected for example to compensate for
the resulting change in the control input |, from the cyl-
inder to the balancing algorithm, or to provide additional,
more gradual adjustment to further mitigate the knock
condition.

[0073] Those skilled in the art will recognise that many
further adaptations are possible within the scope of the
claims.

[0074] In the claims, reference numerals and charac-
ters are provided in parentheses purely for ease of ref-
erence and are not to be construed as limiting features.

Claims

1. An engine control system (5) for controlling the op-
eration of an internal combustion engine (1), the en-
gine comprising a plurality of combustion chambers
),
each combustion chamber comprising a respective
one of a plurality of moving elements (3), the moving
elements being operatively connected to an output
shaft (4) and moveable to drive the output shaft in
rotation;
the control system including:
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a fuel supply and ignition system (10),
a controller (20), and
a sensing arrangement (30);

the fuel supply and ignition system (10) being ar-
ranged to supply a variable charge of fuel (11, 12)
and air (13) to each combustion chamber, and to
control ignition of the fuel in each combustion cham-
ber at a timing relative to the movement of the re-
spective moving element;

the sensing arrangement (30) being arranged to
sense for each combustion chamber at least one op-
erational parameter, the at least one operational pa-
rameter including at least an internal pressure of the
combustion chamber, and to generate for each com-
bustion chamber a control input (1) representing the
sensed at least one operational parameter;

the controller (20) being configured to receive the
control input (I4) for each combustion chamber and
to generate a control output (O, O4, O,) for each
combustion chamber;

the fuel supply and ignition system (10) being con-
trollable by the control output (O4, O,) from the con-
troller for each combustion chamber to vary at least
one of the charge and the timing for the respective
combustion chamber;

the controller (20) including a balancing arrange-
ment (21), the balancing arrangement configured to
iteratively adjust each of the control outputs (O4) re-
sponsive to the control inputs (I4) according to a bal-
ancing algorithm to obtain a balanced condition, the
balanced condition being a predefined relationship
between the control inputs (1) for all of the combus-
tion chambers;

the controller (20) being further configured:

to identify, based on the control inputs (I4), a
knock condition in a respective one of the com-
bustion chambers (2), and,

responsive at least to identifying the knock con-
dition, to implement a knock mitigation proce-
dure wherein:

an offset input value (V) is applied to the
balancing algorithm, and

the control output (O4, O,) for the respective
one of the combustion chambers (2) is ad-
justed to mitigate the knock condition.

An engine control system according to claim 1,
wherein the adjustment to the control output (O) for
the respective combustion chamberis not performed
by the balancing algorithm, and the offset input value
(V) is selected to compensate for a change in the
control input (l;) from the respective combustion
chamber (2) resulting from the adjustment to the con-
trol output (O4).
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3.

An engine control system according to claim 1,
wherein the adjustment to the control output (O4, O,)
for the respective combustion chamber (2) is per-
formed by the balancing algorithm responsive to the
offset input value (V).

An engine control system according to claim 1,
wherein the adjustment to the control output (O4, O,)
for the respective combustion chamber (2) compris-
es a first, relatively rapid adjustment and a second,
relatively more gradual adjustment; and

thefirst adjustmentis not performed by the balancing
algorithm; and

the second adjustmentis performed by the balancing
algorithm responsive to the offset input value (V).

An engine control system according to claim 1, 2 or
3, wherein the control inputs (I4) are supplied to the
balancing algorithm, and the offset input value (Vi)
is applied to the respective control input (14) for the
respective combustion chamber (2).

An engine control system according to claim 1, 2 or
3, wherein the controller (20) is further configured,
after applying the offset input value (V,) to the bal-
ancing algorithm, to reduce progressively the offset
input value (V,) to the balancing algorithm.

An engine control system according to claim 1, 2 or
3, wherein the controller (20) is configured to adjust
the control output (O4, O,) to vary both the charge
and the timing for the respective combustion cham-
ber (2) to mitigate the knock condition.

An engine control system according to claim 7,
wherein the controller (20) is configured:

to adjust the control output (O4, O,) to change
the timing for the respective combustion cham-
ber (2) rapidly from a first value to a second val-
ue, and then more slowly to return the timing
from the second value towards the first value;
and

to adjust the control output (O4, O,) to reduce a
quantity of the fuel (11, 12) in the charge for the
respective combustion chamber rapidly from a
first fuel quantity to a second fuel quantity, and
then more slowly to increase the quantity of the
fuel progressively from the second fuel quantity
towards the first fuel quantity.

9. A method for controlling an internal combustion en-

gine (1), the engine comprising:

a plurality of combustion chambers (2),
a fuel supply and ignition system (10),
a controller (20), and

a sensing arrangement (30);
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each combustion chamber comprising a respec-
tive one of a plurality of moving elements (3),
the moving elements being operatively connect-
ed to an output shaft (4) and moveable to drive
the output shaft in rotation;

the fuel supply and ignition system (10) being
arranged to supply a variable charge of fuel (11,
12) and air (13) to each combustion chamber,
and to control ignition of the fuel in each com-
bustion chamber at a timing relative to the move-
ment of the respective moving element;

the sensing arrangement (30) being arranged
to sense for each combustion chamber at least
one operational parameter, the at least one op-
erational parameterincluding at least an internal
pressure of the combustion chamber, and to
generate for each combustion chamber a con-
trol input (I4) representing the sensed at least
one operational parameter;

the controller (20) being configured to receive
the control input (1) for each combustion cham-
ber and to generate a control output (O, O4, O,)
for each combustion chamber;

the fuel supply and ignition system (10) being
controllable by the control output (O4, O,) from
the controller for each combustion chamber to
vary at least one of the charge and the timing
for the respective combustion chamber;

the controller (20) including a balancing ar-
rangement (21), the balancing arrangement
configured to iteratively adjust each of the con-
trol outputs (O4) responsive to the control inputs
(I4) according to a balancing algorithm to obtain
abalanced condition, the balanced condition be-
ing a predefined relationship between the con-
trol inputs for all of the combustion chambers;
the method comprising:

identifying, by the controller (20), based on
the control inputs (14), a knock condition in
a respective one of the combustion cham-
bers (2), and

responsive to identifying the knock condi-
tion, implementing, by the controller, a
knock mitigation procedure wherein:

an offset input value (V)) is applied to
the balancing algorithm, and

the control output (O4, O,) for the re-
spective one of the combustion cham-
bers (2) is adjusted to mitigate the
knock condition.
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